A review of patients with epilepsy showed that 5.9% had seizures exclusively in sleep (ES) and 4.7% had seizures predominantly but not exclusively in sleep (PS). These groups were compared with a group (W) with seizures mainly in wakefulness. The following significant differences were obtained: 1) generalized convulsions predominated in the ES while partial seizures were more common among PS and W patients, 2) seizures occurred less frequently in the ES group, and 3) more W patients had EEGs with generalized epileptiform activity and positive family histories for epilepsy.
"Sleep epilepsy" and "nocturnal epilepsy" are terms applied to seizure disorders in which the attacks occur only or predominantly during sleep. Most authors have considered sleep epilepsy as a single entity, contrasting it to seizures occurring on awakening or occurring randomly in the wake-sleep cycle.
We examined two groups of patients with sleep epilepsythose with seizures occurring only during sleep and a group with seizures predominantly but not exclusively during sleep -to determine how they differed from each other and from a group with seizures mainly in wakefulness.
METHODS
We searched our files of patients who were followed in epilepsy clinics at the University Hospitals in London, Ontario and Saskatoon, Saskatchewan for those with seizures exclusively in sleep (ES group) and for those with attacks predominantly but not exclusively in sleep (PS group) . To obtain a comparable group of patients with attacks mainly in wakefulness (W group) we selected 71 patients in alphabetical order, from the remainder. Because patients with seizures only in sleep infrequently develop seizures in wakefulness after six years (Gibberd and Bateson, 1974) we established a subgroup of ES patients with seizure disorders of greater than six years (ES>6 subgroup).
Seizures were grouped according to the International Classification of Epileptic Seizures (1981) when possible. Because of the difficulty in determining whether generalized convulsive seizures occurring in sleep were primary or secondarily generalized, they were classified as "generalized convulsions" THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES unless clinical or electroencephalographic (EEG) features indicated a focal onset. The latter were classified then as partial seizures (evolving into secondarily generalized seizures).
Seizure frequency was arbitrarily defined as "low" if seizures averaged less than once every two months and "high" for more frequent attacks.
Family history was considered positive if a first or second degree relative ever had an epileptic seizure. Awake EEG's were divided into four categories: 1) bilaterally synchronous epileptiform discharges (BSED) in homologous regions; 2) focal: single or multiple spike or sharp wave foci and secondary bilateral synchrony; 3) nonspecific (nonepileptiform abnormality in a focal, multifocal or generalized distribution and 4) normal. If both epileptiform and nonepileptiform abnormalities were seen on the same patient's recording(s), classification was made on the basis of the epileptiform activity. Sleep was considered to "activate" epileptiform discharges if such appeared only then or if their quantity was unequivocally augmented.
We excluded the following patients: those with fewer than three seizures, those with any seizures due to drug or alcohol withdrawal, those with any pseudoseizures (Liske and Forster, 1964) , children under three years of age at the time of the last visit and those with febrile seizures. Chi-square statistical tests for comparison of proportions and linear trends across the groups were used on various study variables.
RESULTS
One thousand, three hundred and eighty-one patients passed our exclusionary criteria. Of these, 81 (5.9%) were in the ES group, 34 were in the ES subgroup and 66 (4.7%) qualified for the PS group. Comparing ES, ES>6 subgroup, PS and W groups, no significant differences were found in the ratio of males to females, mean age of seizure onset or mean duration of the seizure disorder (Table 1) .
Of patients in the ES group and ES>6 subgroup a higher proportion had generalized convulsions than did patients in PS and W groups (chi-square = 26.66, p<.005 comparing ES, W and PS groups; chi-square = 13.95, p<.05 comparing ES<6, PS and W groups). (See Table 1 ).
Fifty-seven of 61 patients in the ES group and 31 of 34 patients in the ES>6 subgroup averaged seizures less than once every two months (See Table 2 ). These values differed significantly from PS and W groups, in which about half the patients had seizures twice or more than twice per two months (chisquare = 22.16, p<.005 comparing ES, PS and W groups; chi-square = 13.95, p = .001 comparing ES>6, PS and W groups). Table 2 also shows that within the W group women fared better than men, with proportionately more in the "low" frequency category (p<.01).
Although etiology of the seizures could be determined in a higher proportion of W patients (28 of 71) than PS (22 of 66) and Numbers listed are those for whom seizure control was known.
ES (21 of 81), the differences were small. Trauma was the most common cause, but did not differentiate the groups. Other causes were too infrequent to classify.
With the W group 27 of 71 had a positive family history for seizure(s) compared with 6 of the 81 ES patients and 9 of the 66 PS patients (p<.001).
A higher proportion of PS patients (21 of 66) had abnormal neurological examinations compared with ES patients (18 of 81), ES>6 patients (7 of 27) and W patients (21 of 71). Differences did not quite reach statistical significance, however. Similar types of abnormalities were found in the three groups including mental subnormality, hemiparesis and athetosis. (Abnormalities possibly related to drug therapy such as nystagmus and peripheral neuropathy were not included).
BSED were found in the EEGs of 19 of 68 W patients, 7 of 64 ES patients, 3 of 27 ES>6 patients and 5 of 56 PS patients (chi-square = 10.8, p<.01 comparing ES, PS and W groups; chi-square = 9.0, p<.05 comparing ES>6, PS and W groups.) No other significant differences were noted in EEGs, including differences in activation by sleep. Only sleep stages I and II were recorded, however.
DISCUSSION
Several authors (Gowers, 1901; Gibberd and Bateson, 1974; Janz, 1974; D'Allesandro, 1983) reported that 11 to 30% of patients whose seizures initially occur only in sleep may ultimately develop seizures during wakefulness. Since this usually occurs within six years (Gibberd and Bateson, 1974) , we established a subgroup within the ES group with seizures only in sleep for at least six years.
However, the same tendencies and differences shown in the ES group were also found in the ES>6 subgroup when compared with PS and W groups. We found that ES and PS groups are distinct and differ from each other in seizure type and ease of control.
In patients whose seizures occur only in sleep generalized convulsions are the principal seizure type. Although generalized convulsions in sleep would seem more likely to attract attention than focal seizures, the latter usually awaken patients (Janz, 1953; Kajtor, 1961) . It is, therefore, unlikely that the high proportion of generalized convulsions in the ES group is due to unwitnessed focal seizures. Janz (1962) and Gibberd and Bateson (1974) also found in patients with sleep epilepsy that generalized convulsions predominated over focal, absence, atypical absence and myoclonic seizures. It is difficult to determine, however, how often apparently generalized convulsions in sleep have a focal onset. Using clinical and EEG data this remained a problem in our study and in other studies. A prospective study using EEG and video monitoring may be required.
The ES group had a higher proportion of patients with seizures occurring, on average, less than once every two months. This is likely due to the higher proportion with generalized convulsions in the ES group than in the PS and W groups. Rodin (1968) and Turnbull (1984) found that generalized convulsions are more easily prevented with anti-epileptic drugs than are partial seizures. This may also account for the higher proportion of females compared with males in the "low" frequency category in the W group: more females than males had generalized convulsions within that group. Figure I gives a graphic display of the previous and present studies of sleep epilepsy. ( Only the studies of Kajtor (1962) , Gibberd and Bateson (1974), D'Allesandro (1983) and our study identify the ES group while others combine ES and PS groups.) The relative occurrence of sleep epilepsy in these series varies from 7.5% to 45%. Those series which considered only patients with generalized convulsions as their population, would be expected to have a higher proportion with sleep epilepsy than studies which considered all seizure types. Also it should be noted that studies in more recent years have similar and lower percentages of sleep epilepsy than earlier series. This likely reflects the greater success of the modern anti-epileptic drug management in treating generalized convulsions as opposed to partial seizures, the latter being more likely to be diurnal in occurrence. Our W group had a higher percentage with a positive family history of seizures than did PS and ES groups, a finding in agreement with Janz (1962) . The W group also had a higher proportion with generalized EEG epileptiform activity compared to those with sleep epilepsy, an observation made by others (Christian, I960; Kajtor, 1962; Janz, 1962; Gibberd and Bateson, 1974) . These findings correlate with the observation of Metrakos and Metrakos (1969) that patients with primary generalized seizures commonly have a positive family history for epilepsy and for generalized EEG epileptiform activity. Daly (1973) pointed out that our knowledge of the biochemicalanatomical symtems underlying the basic rest-activity cycle, the sleep process itself and epilepsy are not sufficiently well-developed to explain the pathophysiology of sleep epilepsy. This is still true, and further effort is needed to determine how the seizure type and origin, the circadian sleep-wake cycle, the stages of sleep, "excitability cycles" (Kellaway, 1980) , age and other factors interact. In addressing these issues it is important to recognize the two subgroups of sleep epilepsy.
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